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(57) ABSTRACT

A starter-generator device for a work vehicle having an
engine. The device includes a gear set for transmitting
power, first and second clutches having actuation pins and
shiftable relative to the gear set, first and second actuator
devices moving armatures only in a first direction, and first
and second linkages having a coupling region coupled to the
respective armature and a second end coupled to the actua-
tion pin. The first actuator device moves the coupling region
and second end of the first linkage in the first direction. The
second actuator device moves the coupling region of the
second linkage in the first direction and the second end in an
opposite second direction. The clutches shift into engaged or
disengaged positions by the second end of the respective
linkage moving one of the directions, and shift into the other
engaged or disengaged position by the second end moving
the other direction.
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1
INTEGRATED STARTER-GENERATOR
DEVICE WITH UNIDIRECTIONAL CLUTCH
ACTUATION UTILIZING A BIASED LEVER
ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

Not applicable.

STATEMENT OF FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

Not applicable.

FIELD OF THE DISCLOSURE

This disclosure relates to work vehicle power systems,
including arrangements for starting mechanical power
equipment and generating electric power therefrom.

BACKGROUND OF THE DISCLOSURE

Work vehicles, such as those used in the agriculture,
construction and forestry industries, and other conventional
vehicles may be powered by an internal combustion engine
(e.g., a diesel engine), although it is becoming more com-
mon for mixed power sources (e.g., engines and electric
motors) to be employed. In any case, engines remain the
primary power sources of work vehicles and require
mechanical input from a starter to initiate rotation of the
crankshaft and reciprocation of the pistons within the cyl-
inders. Torque demands for starting an engine are high,
particularly so for large diesel engines common in heavy-
duty machines.

Work vehicles additionally include subsystems that
require electric power. To power these subsystems of the
work vehicle, a portion of the engine power may be har-
nessed using an alternator or generator to generate AC or DC
power. The battery of the work vehicle is then charged by
inverting the current from the alternator. Conventionally, a
belt, direct or serpentine, couples an output shaft of the
engine to the alternator to generate the AC power. Torque
demands for generating current from the running engine are
significantly lower than for engine start-up. In order to
appropriately transfer power between the engine and battery
to both start the engine and generate electric power, a
number of different components and complex devices are
typically required, thereby raising issues with respect to
cost, assembly errors, and complexity.

SUMMARY OF THE DISCLOSURE

This disclosure provides a combined engine starter and
electric power generator device with an integral transmis-
sion, such as may be used in work vehicles for engine cold
start and to generate electric power, thus serving the dual
purposes of an engine starter and an alternator for power
transmission to and from the engine with more robust
construction of an actuation assembly for engaging gears of
a transmission.

In one aspect, the disclosure provides a combination
starter-generator device for a work vehicle having an engine.
The starter-generator device includes a gear set configured
to transmit power flow to and from the engine, a first clutch,
a second clutch, a first actuator device, a first linkage, a
second actuator device, and a second linkage. The clutch has

10

15

20

25

30

35

40

45

50

55

60

65

2

an actuation pin and is shiftable into a disengaged position
in which the clutch is decoupled from the gear set and into
an engaged position in which the clutch is coupled to the
gear set. The first actuator device applies an actuation force
to an armature only in a first axial direction. The first linkage
defines a first end that is fixed and extending to a second end
coupled to the first actuation pin of the first clutch, the first
armature engaging the first linkage at a coupling region
between the first and second ends. The second actuator
device applies a second actuation force to a second armature
in the first axial direction. The second linkage defines a first
end that is fixed and extending to a second end coupled to
the second actuation pin of the second clutch, the second
armature engaging the second linkage at a coupling region
between the first and second ends. The first actuator device
extends the first armature in the first axial direction to move
the second end of the first linkage in the first axial direction;
wherein the first clutch is moved into either the engaged
position or the disengaged position by the coupling region of
the first linkage moving in the first axial direction and the
second end of the first linkage moving in the first axial
direction; and wherein the first clutch is moved into the other
of the engaged position or the disengaged position by the
coupling region of the first linkage moving in a second axial
direction and the second end of the first linkage moving in
the second axial direction, the second axial direction being
opposite the first axial direction. The second actuator device
extends the second armature in the first axial direction to
move the second end of the second linkage in the second
axial direction; wherein the second clutch is moved into
either the engaged position or the disengaged position by the
coupling region of the second linkage moving in the first
axial direction and the second end of the second linkage
moving in the second axial direction; and wherein the
second clutch is moved into the other of the engaged
position or the disengaged position by the coupling region of
the second linkage moving in the second axial direction and
the second end of the second linkage moving in the first axial
direction.

In another aspect, the disclosure provides a combination
starter-generator device for a work vehicle having an engine.
The starter-generator device includes an electric machine
defining a rotation axis, a gear set configured to receive
rotational input from the electric machine and from the
engine and to couple the electric machine and the engine,
two or more clutches selectively coupled to the gear set, an
actuation assembly, a first linkage, and a second linkage. The
gear set is configured to operate in one of at least a first gear
ratio, a second gear ratio, or a third gear ratio. The two or
more clutches are selectively coupled to the gear set to effect
the first, second, and third gear ratios, the two or more
clutches including a first clutch having a first actuation pin
and a second clutch having a second actuation pin, each of
the two or more clutches shiftable into a disengaged position
in which the clutch is decoupled from the gear set and into
an engaged position in which the clutch is coupled to the
gear set. The actuation assembly has a first electromechani-
cal solenoid device applying an actuation force to a first
armature only in a first axial direction parallel to the rotation
axis and a second electromechanical solenoid device apply-
ing an actuation force to a second armature only in the first
axial direction. The first linkage defines a first end that is
fixed and extending to a second end that is coupled to the
first actuation pin of the first clutch, the first armature
engaging the first linkage at a coupling region between the
first and second ends. The second linkage defines a first end
that is fixed and extending to a second end that is coupled to
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the second actuation pin of the second clutch, the second
armature engaging the second linkage at a coupling region
between the first and second ends. The first electromechani-
cal solenoid device extends the first armature in the first
axial direction to move the second end of the first linkage in
the first axial direction; wherein the first clutch is moved into
either the engaged position or the disengaged position by the
coupling region of the first linkage moving in the first axial
direction and the second end of the first linkage moving in
the first axial direction; and wherein the first clutch is moved
into the other of the engaged position or the disengaged
position by the coupling region of the first linkage moving
in a second axial direction and the second end of the first
linkage moving in the second axial direction, the second
axial direction being opposite the first axial direction. The
second electromechanical solenoid device extends the sec-
ond armature in the first axial direction to move the second
end of the second linkage in the second axial direction;
wherein the second clutch is moved into either the engaged
position or the disengaged position by the coupling region of
the second linkage moving in the first axial direction and the
second end of the second linkage moving in the second axial
direction; and wherein the second clutch is moved into the
other of the engaged position or the disengaged position by
the coupling region of the second linkage moving in the
second axial direction and the second end of the second
linkage moving in the first axial direction.

The details of one or more embodiments are set forth in
the accompanying drawings and the description below.
Other features and advantages will become apparent from
the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic side view of an example work
vehicle in the form of an agricultural tractor in which the
disclosed integrated starter-generator device may be used;

FIG. 2 is a simplified partial isometric view of an engine
of the work vehicle of FIG. 1 showing an example mounting
location for an example starter-generator device;

FIG. 3 is a schematic diagram of a portion of a power
transfer arrangement of the work vehicle of FIG. 1 having an
example starter-generator device;

FIG. 4 is an isometric side view of a power transmission
assembly of the example starter-generator device that may
be implemented in the work vehicle of FIG. 1;

FIG. 5 is an exploded isometric view of the power
transmission assembly of FIG. 4 for the example starter-
generator device;

FIG. 6 is a partial isometric view of portions of an
actuation apparatus of the power transmission assembly of
FIG. 5 for the example starter-generator device;

FIG. 7 is a partial first end view of the actuation apparatus
of the power transmission assembly of FIG. 6 for the
example starter-generator device;

FIG. 7A is a partial side cross-sectional view of the power
transmission assembly through line 7A-7A of FIG. 7 for the
example starter-generator device;

FIG. 8 is a side cross-sectional view of the power trans-
mission assembly through line 8-8 of FIG. 7 for the example
starter-generator device;

FIG. 9 is a partial isometric view of an example housing
cover of the power transmission assembly of FIG. 6;

FIG. 10 is an isometric view of the actuation apparatus
and clutch arrangement removed from the power transmis-
sion assembly of FIG. 4 for the example starter-generator
device;
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FIG. 11 is an isometric view of a first portion of the
actuation apparatus and clutch arrangement removed from
the power transmission assembly of FIG. 4 for the example
starter-generator device;

FIG. 12 is an isometric view of a second portion of the
actuation apparatus and clutch arrangement removed from
the power transmission assembly of FIG. 4 for the example
starter-generator device;

FIG. 13 is an isometric view of a third portion of the
actuation apparatus and clutch arrangement removed from
the power transmission assembly of FIG. 4 for the example
starter-generator device;

FIG. 14 is a schematic representation depicting the actua-
tion of the first and third portions of the actuation apparatus
and clutch arrangement shown in FIGS. 11 and 13; and

FIG. 15 is a schematic representation depicting the actua-
tion of the second portion of the actuation apparatus and
clutch arrangement shown in FIG. 12.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

The following describes one or more example embodi-
ments of the disclosed starter-generator device, as shown in
the accompanying figures of the drawings described briefly
above. Various modifications to the example embodiments
may be contemplated by one of skill in the art.

As used herein, unless otherwise limited or modified, lists
with elements that are separated by conjunctive terms (e.g.,
“and”) and that are also preceded by the phrase “one or more
of” or “at least one of” indicate configurations or arrange-
ments that potentially include individual elements of the list,
or any combination thereof. For example, “at least one of A,
B, and C” or “one or more of A, B, and C” indicates the
possibilities of only A, only B, only C, or any combination
of two or more of A, B, and C (e.g., A and B; B and C; A
and C; or A, B, and C).

As used herein, the term “axial” refers to a dimension that
is generally parallel to an axis of rotation, axis of symmetry,
or centerline of a component or components. For example,
in a cylinder or disc with a centerline and opposite, generally
circular ends or faces, the “axial” dimension may refer to the
dimension that generally extends in parallel to the centerline
between the opposite ends or faces. In certain instances, the
term “axial” may be utilized with respect to components that
are not cylindrical (or otherwise radially symmetric). For
example, the “axial” dimension for a rectangular housing
containing a rotating shaft may be viewed as a dimension
that is generally in parallel with the rotational axis of the
shaft. Furthermore, the term “radially” as used herein may
refer to a dimension or a relationship of components with
respect to a line extending outward from a shared centerline,
axis, or similar reference, for example in a plane of a
cylinder or disc that is perpendicular to the centerline or
axis. In certain instances, components may be viewed as
“radially” aligned even though one or both of the compo-
nents may not be cylindrical (or otherwise radially symmet-
ric). Furthermore, the terms “axial” and “radial” (and any
derivatives) may encompass directional relationships that
are other than precisely aligned with (e.g., oblique to) the
true axial and radial dimensions, provided the relationship is
predominately in the respective nominal axial or radial
dimension. Additionally, the term “circumferential” may
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refer to a collective tangential dimension that is perpendicu-
lar to the radial and axial dimensions about an axis.

Overview

Vehicle power systems may include an internal combus-
tion engine and/or one or more batteries (or other chemical
power source) that power various components and subsys-
tems of the vehicle. In certain electric vehicles, a bank of
batteries powers the entire vehicle including the drive
wheels to impart motion to the vehicle. In hybrid gas and
electric vehicles, the motive force may alternate between
engine and electric motor power, or the engine power may
be supplemented by electric motor power. In still other
vehicles, the electric power system is used to initiate engine
start up and to run the non-drive electric systems of the
vehicle. In the latter case, the vehicle typically has a starter
motor that is powered by the vehicle battery to turn the
engine crankshaft to move the pistons within the cylinders.
In further scenarios, the electric power system may provide
a boost to an operating engine.

Some engines (e.g., diesel engines) initiate combustion by
compression of the fuel, while other engines rely on a spark
generator (e.g., spark plug), which is powered by the battery.
Once the engine is operating at a sufficient speed, the power
system may harvest the engine power to power the electric
system as well as to charge the battery. Typically, this power
harvesting is performed with an alternator or other type of
power generator. The alternator converts alternating current
(AC) power to direct current (DC) power usable by the
battery and vehicle electric components by passing the AC
power through an inverter (e.g., diode rectifier). Conven-
tional alternators harness power from the engine by coupling
a rotor of the alternator to an output shaft of the engine (or
a component coupled thereto). Historically this was accom-
plished by the use of a dedicated belt, but in some more
modern vehicles the alternator is one of several devices that
are coupled to (and thus powered by) the engine via a single
“serpentine” belt.

In certain applications, such as in certain heavy-duty
machinery and work vehicles such as agricultural tractors, it
may be disadvantageous to have separate starter and gen-
erator components. Such separate components require sepa-
rate housings, which may require separate sealing or shield-
ing from the work environment and/or occupy separate
positions within the limited space of the engine compart-
ment. Other engine compartment layout complexities may
arise as well.

The following describes one or more example implemen-
tations of an improved vehicle power system that addresses
one or more of these (or other) matters with conventional
systems. In one aspect, the disclosed system includes a
combination or integrated device that performs the engine
cranking function of a starter motor and the electric power
generating function of a generator. The device is referred to
herein as an integrated starter-generator device (“ISG” or
“starter-generator”). This terminology is used herein, at least
in some implementations of the system, to be agnostic to the
type of power (i.e., AC or DC current) generated by the
device. In some implementations, the starter-generator
device may function to generate electricity in a manner of
what persons of skill in the art may consider a “generator”
device that produces DC current directly. However, as used
herein, the term “generator” shall mean producing electric
power of static or alternating polarity (i.e., AC or DC). Thus,
in a special case of the starter-generator device, the electric
power generating functionality is akin to that of a conven-
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tional alternator, and it generates AC power that is subse-
quently rectified to DC power, either internally or externally
to the starter-generator device.

In certain embodiments, the starter-generator device may
include a direct mechanical power coupling to the engine
that avoids the use of belts between the engine and the
starter-generator device. For example, the starter-generator
device may include within its housing a power transmission
assembly with a gear set that directly couples to an output
shaft of the engine. The gear set may take any of various
forms including arrangements with enmeshing spur or other
gears as well as arrangements with one or more planetary
gear sets. Large gear reduction ratios may be achieved by the
transmission assembly such that a single electric machine
(i.e., motor or generator) may be used and operated at
suitable speeds for one or more types of engine start up, as
well as electric power generation. The direct power coupling
between the starter-generator device and engine may
increase system reliability, cold starting performance, and
electric power generation of the system.

Further, in certain embodiments, the starter-generator
device may have a power transmission assembly that auto-
matically and/or selectively shifts gear ratios (i.e., shifts
between power flow paths having different gear ratios). By
way of example, the transmission assembly may include one
or more passive or active engagement components that
engage or disengage to effect power transmission through a
power flow path. In this manner, bi-directional or other
clutch (or other) configurations may be employed to carry
out the cranking and generating functions with the appro-
priate control hardware. As a result of the bi-directional
nature of the power transmission assembly, the power trans-
fer belt arrangement may be implemented with only a single
belt tensioner, thereby providing a relatively compact and
simple assembly. In addition to providing torque in two
different power flow directions, the gear set may also be
configured and arranged to provide power transmission from
the electric machine to the engine at one of two different
speeds, e.g., according to different gear ratios. The selection
of speed may provide additional functionality and flexibility
for the power transmission assembly.

In one example, the combination starter-generator may
further include a clutch arrangement with first, second, and
third clutches that are actuated with an actuation assembly.
As described below, the actuation assembly employs actua-
tors that are powered in only one direction, such as push-
only or pull-only electromechanical solenoids, also referred
to herein as “unidirectional actuators.” Such unidirectional
actuators may also be less costly than more complicated
alternatives. The actuators function to engage and/or disen-
gage the clutches to a gear set of a power transmission
assembly. In certain examples, each actuator device includes
an electromechanical solenoid that converts electrical
energy into a mechanical linear force (e.g., pushing or
pulling). The electromechanical solenoid may include an
electrical inductive coil wound around a cylindrical tube
with a ferromagnetic actuator or armature that slides in and
out of the coils. In particular, when electrical current flows
through the coils, the resulting magnetic field repositions the
armature, and changes in the current (or removing the
current) further repositions the armature. The armatures of
the solenoid devices are connected via linkage assemblies to
the clutches, thereby axially shifting the clutches between
engaged and disengaged positions to modify the power flow
within the power transmission assembly.

Moreover, the actuator devices are mounted with one
orientation on only one side of a housing component. The
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actuator devices may be identical to each other regardless of
the desired movement of a respective clutch. In certain
examples, the actuator devices may be push-only solenoids
that are each mounted on an axial side of a base of a housing
component that is oriented away from the clutches and the
gear set. Because the same actuator devices are mounted in
the same location and manner, the assembly process is
simplified, reducing errors and saving costs. It will be
appreciated that all of the actuators may be assembled onto
a housing from one side and attached in the same manner
regardless of the desired movement of the corresponding
clutch.

The disclosed combination starter-generator device pro-
vides a linkage assembly providing a coupling arrangement
between the actuator and the clutch. The linkage assembly
includes a linkage that is resiliently biased to move in an
opposite direction to the actuation direction provided by the
actuator. For example, the linkage may be a leaf spring that
functions as a lever and a return spring. In this manner, the
actuator does not need to power movement back into a
de-energized return position and likewise disengage or re-
engage the clutch.

Additionally, the disclosed linkage assemblies of the
combination starter-generator device are configurable to bias
and move in either axial direction. The linkages operate as
levers that are fixedly mounted to a housing component at
one end and pre-loaded when attached to an actuator pin of
a clutch by being forced from an unstressed position to an
installed position. The resilient pre-load is configured to
reverse motion when the respective actuator is de-energized.
If the clutch is required to move in the opposite axial
direction to the direction of actuator extension when the
actuator is energized, one or more fulcrums may be provided
to engage the linkage and cause a pivoting motion. The
pivoting motion of the linkage results in movement in a
second axial direction for the clutch, while the pre-loaded
linkage is then biased to move the clutch and the actuator
back to the disengaged/de-energized position.

The disclosed combination starter-generator device may
provide advantageous timing and costs for manufacture,
assembly, and repair. The unidirectional actuators are low
cost and are implemented throughout the actuation assem-
bly. Certain components may be consolidated as unitary
parts of one component, which enhances these benefits. For
example, the linkages may be formed as a unitary part of a
base of the housing. In other examples, the fulcrums are
formed as unitary parts of a cover of the housing. Moreover,
actuation pins of the clutches may be formed as unitary parts
of the clutches.

Generally, an actuator device may be any suitable device
that, upon command, applies an actuation force to a coupled
element. In one example, the energize, activate, or extend
command for solenoid devices results in a respective arma-
ture being pushed out of the solenoid device, which may
occur from applying a current to the coil within the solenoid
to push the armature out of the solenoid or from discontinu-
ing current to the coil such that a spring pushes the armature
out of the solenoid, or vice versa. In other examples,
depending on configuration of the linkage and/or position of
the solenoid assembly, the energize, activate, or retract
command for a solenoid device may result in the armature
pulling into the solenoid device in order to engage (or
disengage) the associated clutch.

Various implementations will be discussed in greater
detail below.
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Example Embodiments of the Work Vehicle and
Integrated Starter-Generator Device

Referring to the drawings, an example work vehicle
power system as a drivetrain assembly will be described in
detail. As will become apparent from the discussion herein,
the disclosed system may be used advantageously in a
variety of settings and with a variety of machinery. For
example, referring now to FIG. 1, a work vehicle 20 such as
an agricultural tractor includes a power system (or drivetrain
assembly) 22. It will be understood, however, that other
configurations may be possible, including configurations
with work vehicle 20 as a different kind of tractor, or as a
work vehicle used for other aspects of the agriculture
industry or for the construction and forestry industries (e.g.,
a harvester, a log skidder, a motor grader, and so on). It will
further be understood that aspects of the power system 22
may also be used in non-work vehicles and non-vehicle
applications (e.g., fixed-location installations).

Briefly, the work vehicle 20 has a main frame or chassis
24 supported by ground-engaging wheels 26, at least the
front wheels of which are steerable. The chassis 24 supports
the power system 22 and an operator cabin 28 in which
operator interface and controls (e.g., various joysticks,
switches levers, buttons, touchscreens, keyboards, speakers
and microphones associated with a speech recognition sys-
tem) are provided.

As schematically shown, the power system 22 includes an
engine 30, an integrated starter-generator device 32, a bat-
tery 34, and a controller 36. The engine 30 may be an
internal combustion engine or other suitable power source
that is suitably coupled to propel the work vehicle 20 via the
wheels 26, either autonomously or based on commands from
an operator. The battery 34 may represent any one or more
suitable energy storage devices that may be used to provide
electric power to various systems of the work vehicle 20.

The starter-generator device 32 couples the engine 30 to
the battery 34 such that the engine 30 and battery 34 may
selectively interact in at least four modes. In a first (or cold
engine start) mode, the starter-generator device 32 converts
electric power from the battery 34 into mechanical power to
drive the engine 30 at a first gear ratio corresponding to a
relatively high speed, e.g., during a relatively cold engine
temperature at start up. In a second (or warm engine start)
mode, the starter-generator device 32 converts electric
power from the battery 34 into mechanical power to drive
the engine 30 at a second gear ratio corresponding to a
relatively low speed, e.g., during a relatively warm engine
temperature at start up. In a third (or boost) mode, the
starter-generator device 32 converts electric power from the
battery 34 into mechanical power at a third gear ratio
corresponding to a relatively low speed to drive the engine
30 for an engine boost. In a fourth (or generation) mode, the
starter-generator device 32 converts mechanical power at a
fourth (or the third) gear ratio from the engine 30 into
electric power to charge the battery 34. Additional details
regarding operation of the starter-generator device 32 during
the engine start modes, the boost mode, and the generation
mode are provided below.

As introduced above, the controller 36 may be considered
part of the power system 22 to control various aspects of the
work vehicle 20, particularly characteristics of the power
system 22. The controller 36 may be a work vehicle elec-
tronic controller unit (ECU) or a dedicated controller. In
some embodiments, the controller 36 may be configured to
receive input commands and to interface with an operator
via a human-machine interface or operator interface (not



US 10,900,454 B1

9

shown) and from various sensors, units, and systems
onboard or remote from the work vehicle 20; and in
response, the controller 36 generates one or more types of
commands for implementation by the power system 22
and/or various systems of work vehicle 20. In one example
and as discussed in greater detail below, the controller 36
may command current to electromagnets associated with an
actuator assembly to engage and/or disengage clutches
within the starter-generator device 32. Other mechanisms
for controlling such clutches may also be provided.

Generally, the controller 36 may be configured as com-
puting devices with associated processor devices and
memory architectures, as hydraulic, electrical or electro-
hydraulic controllers, or otherwise. As such, the controller
36 may be configured to execute various computational and
control functionality with respect to the power system 22
(and other machinery). The controller 36 may be in elec-
tronic, hydraulic, or other communication with various other
systems or devices of the work vehicle 20. For example, the
controller 36 may be in electronic or hydraulic communi-
cation with various actuators, sensors, and other devices
within (or outside of) the work vehicle 20, including various
devices associated with the power system 22. Generally, the
controller 36 generates the command signals based on
operator input, operational conditions, and routines and/or
schedules stored in the memory. For example, the operator
may provide inputs to the controller 36 via an operator input
device that dictates the appropriate mode, or that at least
partially defines the operating conditions in which the appro-
priate mode is selected by the controller 36. In some
examples, the controller 36 may additionally or alternatively
operate autonomously without input from a human operator.
The controller 36 may communicate with other systems or
devices (including other controllers) in various known ways,
including via a CAN bus (not shown), via wireless or
hydraulic communication means, or otherwise.

Additionally, power system 22 and/or work vehicle 20
may include a hydraulic system 38 with one or more
electro-hydraulic control valves (e.g., solenoid valves) that
facilitate hydraulic control of various vehicle systems, par-
ticularly aspects of the starter-generator device 32. The
hydraulic system 38 may further include various pumps,
lines, hoses, conduits, tanks, and the like. The hydraulic
system 38 may be electrically activated and controlled
according to signals from the controller 36. The hydraulic
system 38 may be omitted.

In one example, the starter-generator device 32 includes a
power transmission assembly (or transmission) 40, an elec-
tric machine (or motor) 42, and an inverter/rectifier device
44, each of which may be operated according to command
signals from the controller 36. The power transmission
assembly 40 enables the starter-generator device 32 to
interface with the engine 30, particularly via a crank shaft 46
or other power transfer element of the engine 30, such as an
auxiliary drive shaft. The power transmission assembly 40
may include one or more gear sets in various configurations
to provide suitable power flows and gear reductions, as
described below. The power transmission assembly 40 vari-
ably interfaces with the electric machine 42 in one or two
different power flow directions such that the electric
machine 42 operates as a motor during the engine start and
boost modes and as a generator during the generation mode.
In one example discussed below, the power transmission
assembly 40 is coupled to the electric machine 42 via a
power transfer belt arrangement. This arrangement, along
with the multiple gear ratios provided by the power trans-
mission assembly 40, permits the electric machine 42 to
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operate within optimal speed and torque ranges in one or
both power flow directions. The inverter/rectifier device 44
enables the starter-generator device 32 to interface with the
battery 34, such as via direct hardwiring or a vehicle power
bus 48. In one example, the inverter/rectifier device 44
inverts DC power from the battery 34 into AC power during
the engine start modes and rectifies AC power to DC power
in the generation mode. In some embodiments, the inverter/
rectifier device 44 may be a separate component instead of
being incorporated into the starter-generator device 32.
Although not shown, the power system 22 may also include
a suitable voltage regulator, either incorporated into the
starter-generator device 32 or as a separate component.

Reference is briefly made to FIG. 2, which depicts a
simplified partial isometric view of an example mounting
location of the starter-generator device 32 relative to the
engine 30. In this example, the integrated starter-generator
device 32 mounts directly and compactly to the engine 30 so
as not to project significantly from the engine 30 (and
thereby enlarge the engine compartment space envelope) or
interfere with various plumbing lines and access points (e.g.,
oil tubes and fill opening and the like). Notably, the starter-
generator device 32 may generally be mounted on or near
the engine 30 in a location suitable for coupling to an engine
power transfer element (e.g., a crank shaft 46 as introduced
in FIG. 1).

Reference is additionally made to FIG. 3, which is a
simplified schematic diagram of a power transfer belt
arrangement 50 between the power transmission assembly
40 and electric machine 42 of the starter-generator device
32. It should be noted that FIGS. 2 and 3 depict one example
physical integration or layout configuration of the starter-
generator device 32, but other arrangements may be pro-
vided. In FIG. 3, the power transmission assembly 40 is
mounted to the engine 30 and may be supported by a
reaction plate 52. As shown, the power transmission assem-
bly 40 includes a first power transfer element 54 that is
rotatably coupled to a suitable drive element of the engine 30
and a second power transfer element 56 in the form of a shaft
extending on an opposite side of the power transmission
assembly 40 from the first power transfer element 54.
Similarly, the electric machine 42 is mounted on the engine
30 and includes a further power transfer element 58.

The power transfer belt arrangement 50 includes a first
pulley 60 arranged on the second power transfer element 56
of the power transmission assembly 40, a second pulley 62
arranged on the power transfer element 58 of the electric
machine 42, and a belt 64 that rotatably couples the first
pulley 60 to the second pulley 62 for collective rotation. As
described in greater detail below, during the engine start
modes, the electric machine 42 pulls the belt 64 to rotate the
first and second pullies 60, 62 in a first clock direction D1
to drive the power transmission assembly 40 (and thus the
engine 30); during the boost mode, the electric machine 42
pulls the belt 64 to rotate the first and second pullies 60, 62
in a second clock direction D2 to drive the power transmis-
sion assembly 40 (and thus the engine 30); and during the
generation mode, the power transmission assembly 40
enables the engine 30 to pull the belt 64 and rotate the first
and second pullies 60, 62 in the second clock direction D2
to drive the electric machine 42. The first pulley 60 defines
a primary rotational axis 65 that may be coaxial with the first
power transfer element 54 and other components of the
power transmission assembly 40, as discussed below. The
second pulley 62 defines a secondary rotational axis 66 that
is coaxial with rotation of the electric machine 42. The
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second rotational axis 66 is parallel or substantially parallel
with the primary rotational axis 65.

As a result of the bi-directional configuration, the power
transfer belt arrangement 50 may include only a single belt
tensioner 68 to apply tension to a single side of the belt 64
in both directions D1, D2. Using a single belt tensioner 68
to tension the belt 64 is advantageous in that it reduces parts
and complexity in comparison to a design that requires
multiple belt tensioners. As described below, the bi-direc-
tional configuration and associated simplified power transfer
belt arrangement 50 are enabled by the bi-directional nature
of the gear set in the power transmission assembly 40.
Additionally, a difference in the circumferences of the first
and second pullies 60, 62 provides a change in the gear ratio
between the power transmission assembly 40 and the elec-
tric machine 42. In one example, the power transfer belt
arrangement 50 may provide a gear ratio of between 3:1-5:1,
particularly a 4:1 ratio.

Reference is now made to FIG. 4, which is a more detailed
isometric side view of the power transmission assembly 40
of the example starter-generator device, and FIG. 5, which
is an exploded isometric view of the power transmission
assembly 40. In one example, the power transmission
assembly 40 includes a gear set 70, a clutch arrangement 72,
and an actuation apparatus 74 supported by a primary
housing 76. As described below, the gear set 70 operates to
transfer torque between the engine 30 and electric machine
42 at predetermined gear ratios that are selected based on the
status of the clutch arrangement 72, which is controlled by
the actuation apparatus 74 based on signals from the con-
troller 36. Each aspect of an example power transmission
assembly 40 will be discussed below.

The housing 76 of the power transmission assembly 40
includes a cover 78, a base 79, and a housing mounting
arrangement 80. In one example, the housing mounting
arrangement 80 is formed by one or more side walls 82
formed in the primary housing 76 that function to mount the
power transmission assembly 40 to the engine 30 (FIG. 1).
Generally, the base 79 and the cover 78 are configured to
support, shield, and/or protect other portions of the power
transmission assembly 40. As shown, the base 79 includes
an central opening 84 that enables the power transfer ele-
ment 56 from the pulley 60 (e.g., as discussed above with
reference to FIG. 3) to be rotationally coupled to an input
shaft 86 of the power transmission assembly 40, which in
turn is coupled to the gear set 70 of the power transmission
assembly 40. In one example, the pulley 60 may be rota-
tionally coupled to the input shaft 86 with one or more
fasteners 88 positioned proximate or in the central opening
84 of the primary housing 76.

On one end of the power transmission assembly 40, a
drive plate 90 is coupled to the gear set 70 as a power
transfer element (e.g., element 54 of FIG. 3). Generally, the
drive plate 90 facilitates coupling the power transmission
assembly 40 to the engine 30 (FIG. 3). In one example, the
drive plate 90 is coupled to the engine crank shaft. The drive
plate 90 may also operate as a torsional damper in order to
dampen vibrations at the crankshaft of the engine 30 (FIG.
3.

The actuation apparatus 74 includes a first (or low)
actuator device 100, a second (or high) actuator device 102,
and a third (or mid) actuator device 104 that interact with the
clutch arrangement 72. Each of the first, second, and third
actuator devices 100, 102, 104 includes at least one con-
nection element 92, 94 that enables commands and/or power
between the respective actuator device 100, 102, 104, the
controller 36 (FIG. 1), and/or other sources. The connection
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elements 92, 94 may be wired or wireless connections.
Positioning the first, second, and third actuator devices 100,
102, 104 around the outer perimeter of the base 79 of the
housing 76 may facilitate wire routing, if applicable,
between the controller 36 and the connection elements 92,
94.

Reference is now additionally made to FIGS. 6 and 7,
which include a partial isometric view and an end view,
respectively, of portions of the power transmission assembly
40 with the housing 76 shown in relief to more clearly depict
the actuation apparatus 74. The housing 76 defines an
opening 96 to accommodate the coupling between the power
transfer element 56 and the input shaft 86 into the power
transmission assembly 40. In some examples, the power
transfer element 56 and the input shaft 86 are a single unitary
part. The opening 96 in the primary housing 76 also accom-
modates the connections between the actuation apparatus 74
and the clutch arrangement 72, as discussed below.

The base 79 of the housing 76 additionally supports the
first, second, and third actuator devices 100, 102, 104.
Specifically, an upper side (electric machine side) of the base
79 constitutes a reaction member 106 including an upper
face 108 and first, second, and third recesses 110, 112, 114
that support the respective actuator devices 100, 102, 104. In
the depicted example, the actuation apparatus 74 includes
one each of the first, second, and third actuator devices 100,
102, 104 that are electromechanical solenoid devices,
although other examples may have different numbers and
types of actuator devices (e.g., linear actuators). The first,
second, and third actuator devices 100, 102, 104 are respec-
tively attached to low, high, and mid clutches 116, 118, 120.
It will be appreciated that each of the first, second, and third
actuator devices 100, 102, 104 in the illustrated example are
mounted only on one face (upper face 108) of the reaction
member 106 and only act in one axial direction (push-only),
allowing for consistent orientation and simplified assembly
of the actuation apparatus 74. In particular, each of the first,
second, and third actuator device 100, 102, 104 activates to
power movement of an armature 122, 124, 126 in only a first
axial direction 128 (e.g., in the direction of the electric
machine).

Each of the first, second, and third actuator devices 100,
102, 104 is coupled to the clutch arrangement 72 via a
linkage assembly 130, 132, 134 that includes a respective
first, second, and third linkage 136, 138, 140 and may
include one or more fulcrums 142, 144 that are positioned
radially between the first, second, and third actuator device
100, 102, 104 and the actuation pin 150, 152, 154. Specifi-
cally, each of the first, second, and third linkage 136, 138,
140 functions as a lever extending between the respective
actuator device 100, 102, 104 and an actuation pin 150, 152,
154 and is mounted to an outer radial portion of the reaction
member 106 of the housing 76, for example by fasteners
such as bolts 156. In other examples, the first, second, and
third linkage 136, 138, 140 may be formed as a unitary part
of the reaction member 106, eliminating the bolts 156. In
this manner, the first, second, and third linkage 136, 138, 140
is affixed to the reaction member 106 at a radial distance 160
(FIG. 7) away from the central opening 84 that is beyond a
radial distance 162 from the central opening 84 to the first,
second, and third actuator device 100, 102, 104. Referring
also to FIGS. 11-13, the shape of the first, second, and third
linkage 136, 138, 140 provides an arrangement with a first
end 164, 166, 168 of the respective first, second, and third
linkage 136, 138, 140 affixed to the reaction member 106 at
a first axial distance 170 from the respective low, high, and
mid clutch 116, 118, 120 while a second end 172, 174, 176
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of the respective first, second, and third linkage 136, 138,
140 is affixed to the respective actuation pin 150, 152, 154
at a second axial distance 178 that is greater than the first
axial distance 170. Each of the first, second, and third
linkage 136, 138, 140 also provides a coupling region 173,
175, 177 for receiving the respective armature 122, 124, 126
of the first, second, and third actuator device 100, 102, 104.
Each coupling region 173, 175, 177 may couple and engage
with the armature 122, 124, 126 by being positioned next to
the armature 122, 124, 146 or may alternatively have
fasteners or complementary interfitting features to maintain
alignment.

As described below, the actuation pins 150, 152, 154 are
axially repositionable within the clutch arrangement 72 to
axially move portions of the clutch arrangement 72 between
engaged and disengaged positions to modify the power
transfer characteristics of the gear set 70. The actuation pins
150, 152, 154 may be supported by a stationary spindle or
hub (not shown) that circumscribes the input shaft 86. The
actuation pins 150, 152, 154 extend from an annular portion
180, 182, 184 of each of the low, high, and mid clutch 116,
118 120 that has teeth or other mating structures for selec-
tively engaging a portion of the gear set 70. A second
actuation pin 186, 188, 190 is provided on each clutch 116,
118, 120 that may be engaged by second actuator devices
(not shown) of a second actuation apparatus to provide
additional force or control to the low, high, and mid clutch
116, 118, 120 in a similar manner to the actuation apparatus
74. The actuation pin 150, 152, 154 engages with the
respective second end 172, 174, 176 of the first, second, and
third linkage 136, 138, 140 to move together axially. In the
illustrated example, the actuation pin 150, 152, 154 includes
a waist portion 192 that engages prongs 194 of the linkages
136, 138, 140 (FIGS. 11-13), although other complementary
engagement structures may be employed. Each actuation pin
150, 152, 154 is illustrated as being formed as a unitary part
of the respective low, high, and mid clutch 116, 118, 120,
although in other examples may be a separate part
assembled to the low, high, and mid clutch 116, 118 120.
With this arrangement, for assembly, the low, high, and mid
clutch 116, 118, 120 and the actuation pin 150, 152, 154 are
mounted from one side (e.g., the electric machine side) of
the actuation apparatus 74 and the corresponding first,
second, and third linkage 136, 138, 140 is installed from the
opposite side (e.g., the engine side) with the base 79 of the
housing 76 therebetween.

Referring also to FIGS. 7A-9, the cover 78 of the housing
76 is a thin-walled member (e.g., formed of sheet metal) that
is generally semicircular in shape to conform to the primary
housing 76 or the area of the reaction member 106 formed
within the primary housing 76. An aperture 200 at a radially
inner portion 202 of the cover 78 is coaxially aligned with
the central opening 84 of the housing 76. The cover 78 is
stepped in the axial dimension to accommodate components
of the actuation apparatus 74 with the radially inner portion
202 that is axially spaced away from the reaction member
106 followed by a radial mid portion 204 and a radial outer
portion 206 that are progressively positioned axially closer
to the reaction member 106. Other examples of the cover 78
may provide a radially curved or angled profile instead of the
stepped arrangement.

The cover 78 also provides features to cooperate with the
actuation apparatus 74. Fulcrums 142, 144 are formed
proximate to or at the radial mid portion 204 of the cover 78
and extend toward the linkages 136, 140. The fulcrums 142,
144 are formed as a unitary part of the cover 78 (e.g., formed
from the same material by the same process at the same
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time), for example by stamping or molding. Each fulcrum
142, 144 extends axially toward the reaction member 106 in
the direction of the engine and is positioned to enable a
corresponding one of the linkages 136, 140 to pivot, as
discussed below, to move the second end 172, 176 in an
opposite axial direction from the first end 164, 168. In other
examples the fulcrums 142, 144 may be separate parts
attached to the cover 78 or attached to the base 79. The cover
78 also forms a channel 208 extending radially in the area of
corresponding linkages (e.g., linkage 138) that do not
require pivoting to provide axial space for movement of the
linkage 138 in the first direction 128. The arrangement of
fulcrums 142, 144 and channel(s) 208 is therefore a function
of the arrangement of the corresponding low, high, and mid
clutches 116, 118, 120 for engagement and disengagement
with the gear set 70. In the illustrated example, the fulcrums
142, 144 are configured to translate movement of the arma-
ture 122, 126 of the first and third actuator devices 100, 104
in the first direction 128 to movement of the respective
clutch 116, 120 in a second axial direction 210 that is
opposite to the first axial direction 128. It will be appreciated
that the number of fulcrums 142, 144 or channels 208 may
vary according to the position and desired axial movement
of the low, high, and mid clutches 116, 118, 120 relative to
the gear set 70, such that zero, one, two, three or more
fulcrums may be provided and a corresponding number of
channels are provided at the remaining linkages.

FIGS. 14 and 15 schematically depict an example mount-
ing arrangement for the linkage assemblies 130, 132, 134.
The linkages 136, 138, 140 and the corresponding actuation
pins 150, 152, 154 move in response to the actuator devices
100, 102, 104 being energized, as shown in relief in FIGS.
14 and 15. When mounted without a fulcrum (FIG. 14), the
linkage 138 is mounted from an unstressed state having an
arcuate shape bending downward (in the orientation of FIG.
14) along the first end 166 and to the coupling region 175 to
be forced to extend generally flat in the installed position.
This prestresses the linkage 138 for resilient bias that tends
to force the coupling region 175 and the second end 174
downward in the second axial direction 210. In use, the
actuator device 102 is energized to extend the armature 124
in the first axial direction 128 and the second end 174 of the
linkage 138 also moves in the first axial direction 128 (as
shown in relief). The resilient biasing force of the linkage
138 is applied in the second axial direction 210 to the second
end 174 and the actuation pin 152. In the illustrated example,
to engage the high clutch 118, the actuator 102 is de-
energized such that the armature 124 is allowed to retract
under the resilient biasing force of the linkage 138, which
also moves the actuation pin 152 in the second axial direc-
tion 210. To engage the clutch 118, the second actuator 102
is energized to move (e.g., extend) the armature 124 in the
first axial direction 128, which also moves the second end
174 and the actuation pin 152 in the first axial direction 210.

When the fulcrum 142, 144 is provided (FIG. 15), the
linkage 136, 140 is mounted from an unstressed state having
an arcuate shape bending upward (in the orientation of FIG.
15) along the first end 164, 168 and to the coupling region
173, 177 to be forced to extend generally flat in the installed
position, which prestresses the linkage 136, 140 for resilient
bias. This prestresses the linkage 136, 140 for resilient bias
that tends to force the coupling region 173, 177 and the
second end 172, 176 upward in the first axial direction 128.
In use, each of the first and third actuator device 100, 104 is
configured to be energized to extend the armature 122, 126
in the first axial direction 128 and the second end 172, 176
of the linkage 136, 140 moves in the second axial direction
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210 (as shown in relief). The resilient biasing force of the
linkage 136, 140 is applied in the first axial direction 128 to
the second end 172, 176 and the actuation pin 150, 154. In
the illustrated example, to engage the clutch 116, 120, the
respective actuator 100, 104 is energized to move the
actuation pin 150, 154 in the second axial direction 210. To
disengage the clutch 116, 120, the respective actuator 100,
104 is de-energized such that the armature 122, 126 is
allowed to retract under the resilient biasing force of the
linkage 136, 138 pivotably engaged with the fulcrum 142,
144, which also moves the actuation pin 150, 154 in the first
axial direction 128.

The desired movement of each of the low, high, and mid
clutch 116, 118, 120 is provided by a combination of factors
including the orientation of the first, second, and third
actuator 100, 102, 104, the state (energized or de-energized)
of the first, second, and third actuator 100, 102 104, the
presence of the fulcrum 142, 144, and the resilient bias of the
first, second, and third linkage 136, 138, 140. In either
arrangement (FIG. 14 or 15), when the respective actuator
device 100, 102, 104 is energized to extend the armature
122, 124, 126 in the first axial direction 128, the second end
172, 174, 176 of the first, second, and third linkage 136, 138,
140 overcomes the resilient bias to move the actuation pin
150, 152, 154. When the respective actuator device 100,
102, 104 is deactivated, the resilient bias of the first, second,
and third linkage 136, 138, 140 moves the second end 172,
174, 176 of the first, second, and third linkage 136, 138, 140
toward its unstressed position and depresses the armature
122, 124, 126. Therefore, the resilient bias of the linkages
136, 138, 140 is configured to move the second end 172,
174, 176 in the opposite axial direction of movement caused
by energizing the respective actuator device 100, 102, 104.

The linkages 136, 138, 140 of the illustrated example are
a composite lever and spring made from a resilient material,
for example leaf springs formed from spring metal or a
polymeric composition. As an alternative to the example leaf
spring, the linkages 136, 138, 140 may be resiliently biased
by any number of other structures. In one example, the first,
second, and third linkage 136, 138, 140 may be a hybrid
structure with a first portion (e.g., one or two of the first end
164, 166, 168; the coupling region 173, 175, 177; and the
second end 172, 174, 176) formed of a relatively resilient
material and the remainder as a second portion (e.g., the
other one or two of the first end 164, 166, 168; the coupling
region 173, 175, 177; and the second end 172, 174, 176)
formed of a relatively rigid material. In other examples, the
first, second, and third linkage 136, 138, 140 may be
generally rigid and a spring (not shown) may be provided on
one of various locations such as the cover 78, the base 79,
a stationary portion of the gear set 70, or a respective clutch
116, 118, 120 such that, upon de-energizing of the respective
one of the first, second, and third actuator device 100, 102,
104, the spring biases the corresponding one of the low,
high, and mid clutch 116, 118, 120 back into the correspond-
ing deactivated position (engaged or disengaged depending
on the arrangement of the clutch). In another example, a
spring (not shown) may be provided within the first, second,
and third actuator devices 100, 102, 104 such that, upon
de-energizing of the first, second, and third actuator devices
100, 102, 104, the springs pull the corresponding armature
122, 124, 126, and thus, the linkage assemblies 130, 132,
134, actuation pin 150, 152, 154, and low, high, and mid
clutch 116, 118, 120 back from the activated positions.

FIGS. 10-13 are isometric views of components of the
clutch arrangement 72 and the actuation assembly 74
removed from the power transmission assembly 40. The
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view of FIG. 10 depicts a complete set of the first, second,
and third actuator devices 100, 102, 104, while FIGS. 11-13
depict subsets of the first, second, and third actuator devices
100, 102, 104 associated with individual low, high, and mid
clutches 116, 118, 120 of the clutch arrangement 72. The
low, high, and mid clutches 116, 118, 120 may be considered
“shifting” or “dog” clutches that are selectively actuated to
modify power flow within the power transmission assembly
40.

As an example, FIG. 11 depicts the first actuator device
100 mounted on the reaction member 106 and coupled to the
actuation pin 150 via the linkage 136 to actuate the low
clutch 116 of the clutch arrangement 72. As described in
greater detail below, the low clutch 116 is repositionable
between an engaged position and a disengaged position
relative to the gear set 70 in order to modity the power
transfer through the gear set 70. In one example, the low
clutch 116 is particularly engaged during a cold engine start
mode to enable the electric machine 42 to drive the engine
30 at a first power ratio.

The linkage 136 extends between the armature 122 and
the actuation pin 150 and is pivotable about the fulcrum 142
on the cover 78. As a result of the armature 122 moving out
of the first actuator device 100 in the first axial direction 128,
the linkage 136 is pivoted about the fulcrum 142 to move the
low clutch 116 in the second axial direction 210, e.g., into
the gear set 70. The arrangement of the linkage assembly
130 enables the first actuator device 100 to use leverage with
the reaction member 106 and the fulcrum 142 to facilitate
operation in a more compact and efficient manner, for
example, by enabling advantageous use of beneficial lever
ratios as a function of travel and force. In this example, the
first actuator device 100 is energized for engagement of the
low clutch 116.

As shown in FIGS. 10 and 11, the low clutch 116 is
generally ring shaped with a first (or electric machine-side)
face 230, a second (or engine-side) face 232, an inner
perimeter 234, and an outer perimeter 236. The inner perim-
eter 234 may be splined to facilitate mounting the low clutch
116 (e.g., on a spindle or another element within or proxi-
mate to the gear set 70). A set of tabs 238 is positioned on
the inner perimeter 234 and mount or form the actuation pins
150, 186, such that axial movement of the pins 150, 186 by
the first actuator device 100 (and optionally a second actua-
tor device coupled to the actuation pin 186) functions to
axially reposition the low clutch 116. The low clutch 116
additionally includes one or more teeth 240 extending from
the second face 232 to engage elements of the gear set 70.

As a further example, FIG. 12 depicts the second actuator
device 102 mounted on the reaction member 106 and
coupled to the actuation pin 152 via the linkage assembly
132 to actuate the high clutch 118 of the clutch arrangement
72. As described in greater detail below, the high clutch 118
is repositionable between an engaged position and a disen-
gaged position relative to the gear set 70 in order to modify
the power transfer through the gear set 70. In one example,
the high clutch 118 is particularly engaged during a boost
mode to enable the electric machine 42 to drive the engine
30 at a third power ratio or during a generation mode to
enable the engine 30 to drive the electric machine 42 at the
third power ratio.

The linkage 138 extends between the armature 124 and
the actuation pin 152. As a result of the armature 124 moving
out of the second actuator device 102 in the first axial
direction 128, the first and second ends 166, 174 of the
linkage 138 moves the high clutch 118 in the first axial
direction 128, e.g., away from the gear set 70. The arrange-
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ment of the linkage assembly 132 enables the second
actuator device 102 to operate in a more compact and
efficient manner. In this example, the second actuator device
102 is energized for disengagement of the high clutch 118.

As shown in FIGS. 10 and 12, the high clutch 116 is
generally ring shaped with a first (or electric machine-side)
face 250, a second (or engine-side) face 252, an inner
perimeter 254, and an outer perimeter 256. A set of tabs 258
is positioned on the outer perimeter 256 and mount or form
the actuation pins 152, 188, such that axial movement of the
pins 152, 188 by the second actuator device 102 (and
optionally a second actuator device coupled to the actuation
pin 188) functions to axially reposition the high clutch 118.
The high clutch 118 may be secured into position and/or
mounted on a sliding hub 260 (FIG. 8) or other support
element. Additional details regarding the high clutch 118,
particularly regarding the engagement of the high clutch 118
with the gear set 70, are provided below.

As a still further example, FIG. 13 depicts the third
actuator device 104 mounted on the reaction member 106
and coupled to the actuation pin 154 via the linkage assem-
bly 134 to actuate the mid clutch 120 of the clutch arrange-
ment 72. As described in greater detail below, the mid clutch
120 is repositionable between an engaged position and a
disengaged position relative to the gear set 70 in order to
modify the power transfer through the gear set 70. In one
example, the mid clutch 120 is particularly engaged during
a warm engine start mode to enable the electric machine 42
to drive the engine 30 at a second power ratio.

The linkage 140 extends between the armature 126 and
the actuation pin 154 and is pivotable about the fulcrum 144
on the cover 78. As a result of the armature 126 moving out
of the third actuator device 104 in the first axial direction
128, the linkage 140 is pivoted to move the second end 176
and the mid clutch 120 in the second axial direction 210,
e.g., into the gear set 70. The arrangement of the linkage
assembly 134 enables the third actuator device 104 to use
leverage with the reaction member 106 and the fulcrum 144
to facilitate operation in a more compact and efficient
manner, for example, by enabling advantageous use of
beneficial lever ratios as a function of travel and force. In
this example, the third actuator device 104 is energized for
engagement of the mid clutch 120.

As shown in FIGS. 10 and 13, the mid clutch 120 is
generally ring shaped with a first (or electric machine-side)
face 270, a second (or engine-side) face 272, an inner
perimeter 274, and an outer perimeter 276. The outer perim-
eter 276 may be splined to facilitate mounting the mid clutch
120 (e.g., on a spindle or another element within or proxi-
mate to the gear set 70). A set of tabs 278 is positioned on
the outer perimeter 276 to form or mount the actuation pins
154, 190, such that axial movement of the pins 154, 190 by
the third actuator device 104 (and optionally an additional
third actuator device coupled to the actuation pin 190)
functions to axially reposition the mid clutch 120. As
partially shown in FIG. 12 and discussed in greater detail
below, the mid clutch 120 additionally includes one or more
teeth 280 extending from the second face 272 to engage
elements of the gear set 70. Additional details regarding the
mid clutch 120, particularly regarding the engagement of the
mid clutch 120 with the gear set 70, are provided below. As
also shown in FIG. 10, the low clutch 116 and mid clutch
120 are sized such that the mid clutch 120 may be concen-
trically arranged within the low clutch 116. Other arrange-
ments may be provided.

In each clutch example, the actuator devices 100, 102, 104
are mounted to the electric machine-side of the reaction
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member 106 at the recesses 110, 112, 114 (FIG. 5) and on the
outer perimeter of the base 79. The first, second, and third
actuator devices 100, 102, 104 may be secured to the
recesses 110, 112, 114 in any suitable manner, such as by
screws or other fasteners.

As introduced above, the first, second, and third actuator
devices 100, 102, 104 may be electromechanical solenoid
actuators that generate linear movement at a respective
armature 122, 124, 126 by manipulating an induced mag-
netic field within the first, second, and third actuator devices
100, 102, 104. As the first, second, and third actuator devices
100, 102, 104 are energized, the armatures 122, 124, 126
extend in the first axial direction 128 out of the first, second,
and third actuator devices 100, 102, 104 to engage or
disengage the respective low, high, and mid clutch 116, 118,
120. In one example without a fulcrum, the second actuator
device 102 may be energized during disengagement and
de-energized during engagement, although arrangements
may vary. The first, second, and third actuator devices 100,
102, 104 are relatively low-profile devices that enable a
smaller overall package. Although three actuator devices are
provided in the depicted example, other embodiments may
only have fewer actuator devices (e.g., one or two) or more
than three actuator devices (e.g., four, five, or six).

The operation of the gear set 70, clutch arrangement 72,
and actuation apparatus 74 will now be described with
reference to FIG. 8, which is a cross-sectional view through
an axial plane of the power transmission assembly 40. As
introduced above, the gear set 70 of the power transmission
assembly 40 is configured to transfer power between the
pulley 60 and the drive plate 90. The gear set 70 is generally
housed within an annular gear housing 300, portions of
which, in this example, rotate with aspects of the gear set 70.
Bearings may be providing within the gear housing 300 to
enable rotation of certain elements relative to stationary
portions.

In the view of FIG. 5, a first side of the power transmis-
sion assembly 40 is oriented towards the electric machine
42, and a second side of the power transmission assembly 40
is oriented towards the engine 30. As noted above, the input
shaft 86 may be directly connected to the power transfer
element 56 with a fastener or other mechanism; and in
further examples, the input shaft 86 may be coupled through
intermediate components, such as a flange or boss. It should
be noted that, although the shaft 86 is described as an “input”
shaft, it may transfer power both into and out of the power
transmission assembly 40, depending on the mode, as
described below. The input shaft 86 generally extends
through the power transmission assembly 40 along the
primary rotational axis 65.

Referring to FIG. 8, the gear set 70 of the power trans-
mission assembly 40, in this example, is a two-stage plan-
etary gear set that enables the power transmission assembly
40 to interface with the electric machine 42 (e.g., via the
power transfer belt arrangement 50) and the engine 30 (e.g.,
via direct coupling to the crank shaft 46 of the engine 30).
In some embodiments, the input shaft 86 may be considered
part of the gear set 70. Although one example configuration
of the gear set 70 is described below, other embodiments
may have different configurations.

The gear set 70 includes a first-stage planetary gear set
310 having a first-stage sun gear 312 mounted for rotation on
the input shaft 86. The first-stage sun gear 312 includes a
plurality of teeth or splines that mesh with a set of first-stage
planet gears 314 that circumscribe the first-stage sun gear
312. In one example, the first-stage planet gears 314 include
a single circumferential row of one or more planet gears,
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although other embodiments may include radially stacked
rows, each with an odd number of planet gears in the radial
direction.

The first-stage planet gears 314 are supported by a first-
stage planet carrier 316, which circumscribes the first-stage
sun gear 312, as well as the input shaft 86, and is at least
partially formed by first and second radially extending,
axially facing carrier plates. The first-stage carrier plates of
the first-stage planet carrier 316 include a row of mounting
locations for receiving axles extending through and support-
ing the first-stage planet gears 314 for rotation. As such, in
this arrangement, each of the planet axles respectively forms
an individual axis of rotation for each of the first-stage planet
gears 314, and the first-stage planet carrier 316 enables the
set of first-stage planet gears 314 to collectively rotate about
the first-stage sun gear 312.

The first-stage planetary gear set 310 further includes a
ring gear 318 that circumscribes the first-stage sun gear 312
and the first-stage planet gears 314. The ring gear 318
includes radially interior teeth that engage the teeth of the
first-stage planet gears 314. As such, first-stage planet gears
314 extend between, and engage with, the first-stage sun
gear 312 and the ring gear 318. With respect to the first-stage
planetary gear set 310, the rotatable gear housing 300 and/or
ring gear 318 may function as the power transfer element 54
relative to the engine 30. In this example, the rotatable gear
housing 300 or ring gear 318 includes a number of castel-
lations (not shown) that extend axially about the circumfer-
ence of the axial face that faces the engine 30. The castel-
lations engage and rotatably fix the ring gear 318 to the
crank shaft 46 of the engine 30. The ring gear 318 and/or
rotatable gear housing 300 may be considered output and/or
input elements of the power transmission assembly 40 to
receive rotational input in both power flow directions.

The gear set 70 further includes a second-stage planetary
gear set 320 second-stage sun gear 322 that is generally
hollow and cylindrical, extending between first and second
ends and circumscribing the input shaft 86. The first-stage
planet carrier 316 has a splined engagement with, or is
otherwise fixed to, the second-stage sun gear 322 proximate
to the second end. Additionally, the second-stage sun gear
322 may include a series of splines that mesh with a set of
second-stage planet gears 324. The second-stage planet
gears 324 are supported by a second-stage planet carrier 326
formed by first and second planet carrier plates. The second-
stage planet gears 324 are positioned to additionally engage
with the ring gear 318. The second-stage planet gears 324
each have an axle that extends between the two carrier plates
that enable each planet gear 324 to rotate relative to the
planet carrier 326 about the respective axle. As such, the
second-stage planet gears 324 are positioned in between,
and engage with each of, the second-stage sun gear 322 and
the ring gear 318. Each second-stage planet gear 324 has the
same or a different number of teeth relative to a correspond-
ing first-stage planet gear 314.

As introduced above, the clutch arrangement 72 of the
power transmission assembly 40 is configured to selectively
engage and disengage with various components of the
planetary gear set 70 to modify the power flow according to
the modes noted above. The actuation apparatus 74 operates
to actuate the clutch arrangement 72. In particular, one or
more of the first, second, and third actuator devices 100, 102,
104 selectively extend the respective armature 122, 124,126
in the first axial direction 128 along with the attached first
end 164, 166, 168 of the respective first, second, or third
linkage 136, 138, 140; and in response, the second end 172,
174, 176 of the respective first, second, or third linkage 136,
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138, 140 moves in either the first axial direction 128 or the
second axial direction 210. If a fulcrum 142, 144 is posi-
tioned to interact with the linkage 136, 140, then the second
end 172, 176 will move in the second axial direction 210 due
to pivoting about the fulcrum 142, 144. Conversely, if a
fulcrum is not preset as in the example of the second linkage
138, the pushing of the first end 166 of the respective linkage
138 in the first axial direction 128 also moves the second end
174 of the linkage 138 in the first axial direction 128. As a
result, the respective low, high, and mid clutch 116, 118, 120
is moved into either the engaged position or the disengaged
position based on the state of the respective actuator device
100, 102, 104 in cooperation with the arrangement and
nature of the respective linkages 136, 138, 140 and fulcrums
142, 144.

The gear set 70 includes at least one engagement element
332 that enables interaction between the gear set 70 and a
respective one of the low, high, and mid clutches 116, 118,
120. Generally, low clutch engagement elements 332 are
configured as slots, locks, slides, sleeves, or pockets that
interact with the low clutch 116. In this example, the first
engagement elements 332 may be in the form of one or more
slots or locks on the second-stage planet carrier 326. The
first engagement elements 332 operate to receive a portion
of the low clutch 116 to lock the second-stage planet carrier
326 to a stationary housing element, i.e., to ground the
second-stage planet carrier 326 and prevent rotation.

For the cold engine start mode, as the first actuator device
100 is engaged, the armature 122 extends out of the first
actuator device 100 to pivot the linkage 136 about the
fulcrum 142 such that the actuation pin 150 axially reposi-
tions the low clutch 116 into the gear set 70 to ground the
second-stage planet carrier 326. The mid and high clutches
120, 118 are maintained in the disengaged positions. With
the mid clutch 120 in the disengaged position, the first-stage
planet carrier 316 is not locked to any stationary housing
portion; and with the high clutch 118 is in the disengaged
position the input shaft 86 is not locked to the ring gear 318.
As will now be described, this configuration enables opera-
tion in the cold engine start mode.

Initially in the cold engine start mode, the engine 30 may
be inactive, and activation of the ignition by an operator in
the cabin 28 of the work vehicle 20 energizes the electric
machine 42 to operate as a motor. In particular and addi-
tionally referring to FIG. 3, the electric machine 42 rotates
the pulley 62 in the first clock direction D1, thereby driving
the belt 64 and pulley 60 in the first clock direction D1. The
pulley 60 drives the input shaft 86, in the first clock direction
D1. Rotation of the input shaft 86 drives rotation of the
first-stage sun gear 312, and in turn, rotation of the first-stage
sun gear 312 drives rotation of the first-stage planet gears
314. The first-stage planet gears 314 drive the first-stage
planet carrier 316, which as noted above is splined with the
second-stage sun gear 322. As a result, the first-stage planet
carrier 316 drives the second-stage sun gear 322 and thus the
second-stage planet gears 324. As noted above, the second-
stage planet carrier 326 is grounded by the low clutch 116.
As such, rotation of the second-stage planet gears 324
operates to drive the ring gear 318. Since the number of
second-stage planet gears 324 in the power flow path is an
odd number (e.g., 1), the second-stage planet gears 324 drive
the ring gear 318 in the opposite direction (e.g., the second
clock direction D2) relative to the second-stage sun gear 322
rotating in the first clock direction D1. As noted above, the
ring gear 318 functions as part of the power transfer element
54 to interface with the drive plate 90 mounted to the engine
30 to drive and facilitate engine start. In effect, during the
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cold engine start mode, the power transmission assembly 40
operates as a sun-in, ring-out configuration. In order to
transition into another mode, the first actuator device 100 in
this example is de-energized and the low clutch 116 is
moved back into the disengaged position. This movement is
due to the resilient bias of the linkage 136 causing the
second end 172 to move in an opposite axial direction to the
direction moved by the armature 122 of the actuator device
100.

In one example, the power transmission assembly 40
provides a 15:1 gear ratio in the power flow direction of the
cold engine start mode. In other embodiments, other gear
ratios (e.g., 10:1-30:1) may be provided. Considering a 4:1
gear ratio from the power transfer belt arrangement 50, a
resulting 60:1 gear ratio (e.g., approximately 40:1 to about
120:1) may be achieved for the starter-generator device 32
between the electric machine 42 and the engine 30 during
the cold engine start mode. As such, if for example the
electric machine 42 is rotating at 10,000 RPM, the drive
plate 90 mounted to the engine 30 rotates at about 100-150
RPM. In one example, the power transmission assembly 40
may deliver a torque of approximately 3000 Nm to the
engine 30. Accordingly, the electric machine 42 may thus
have normal operating speeds with relatively lower speed
and higher torque output for cold engine start up.

For a warm engine start mode, the mid clutch 120 is in the
disengaged position and configured to be actuated by the
third actuator device 104 via the linkage assembly 134 and
actuation pin 154. As the third actuator device 104 is
energized, the armature 126 extends out of the third actuator
device 104 to pivot the linkage 140 about the fulcrum 144
such that the actuation pin 154 axially repositions the mid
clutch 120 into the gear set 70. In this example, the third
actuator device 104 is energized for engagement.

The gear set 70 includes at least one engagement element
334 that enables interaction between the gear set 70 and the
mid clutch 120. Generally, the mid clutch engagement
elements 334 are configured as slots, locks, or pockets that
interact with the mid clutch 120. In this example, the mid
clutch engagement elements 334 may be in the form of one
or more slides or locks that are axially moved to engage the
first-stage planet carrier 316 in order to lock the first-stage
planet carrier 316 to a stationary housing element, i.e., to
ground the first-stage planet carrier 316 and prevent rotation.

When the mid clutch 120 is engaged, the power trans-
mission assembly 40 is configured to operate in the warm
engine start mode. In the warm engine start mode, the third
actuator device 104 is engaged to extend the armature 126
to pivot the linkage 140, thereby axially shifting the second
end 176 of the linkage 140 and the actuation pin 154 in the
second axial direction 210 such that the mid clutch 120
engages the gear set 70 to ground the first-stage planet
carrier 316. The low and high clutches 116, 118 are main-
tained in the disengaged positions. With the low clutch 116
in the disengaged position, the second-stage planet carrier
326 is not locked to any stationary housing portion; and with
the high clutch 118 in the disengaged position, the input
shaft 86 is not locked to the ring gear 318. As will now be
described, this configuration enables operation in the warm
engine start mode.

In the warm engine start mode, the engine 30 may be
initially inactive or active. In any event, the controller 36
energizes the electric machine 42 to operate as a motor. In
particular and additionally referring to FIG. 3, the electric
machine 42 rotates the pulley 62 in the first clock direction
D1, thereby driving the belt 64 and pulley 60 in the first
clock direction D1. The pulley 60 drives the input shaft 86,
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in the first clock direction D1. Since the first-stage sun gear
312 is mounted on the input shaft 86, rotation of the input
shaft 86 also rotates the first-stage sun gear 312. In turn,
rotation of the first-stage sun gear 312 drives rotation of the
first-stage planet gears 314. Since the first-stage planet
carrier 316 and second-stage sun gear 322 are grounded,
rotation of the first-stage planet gears 314 drives rotation of
the ring gear 318. Since the number of first-stage planet
gears 314 in the power flow path is an odd number (e.g., 1),
the first-stage planet gears 314 drive the ring gear 318 in the
opposite direction (e.g., the second clock direction D2)
relative to the input shaft 86 and the first-stage sun gear 312
rotating in the first clock direction D1. As noted above, the
ring gear 318 functions as the power transfer element 54 to
interface with the drive plate 90 mounted to the engine 30 to
drive and facilitate engine start. In effect, during the warm
engine start mode, the power transmission assembly 40
operates as a sun-in, ring-out configuration, albeit at a lower
gear ratio as compared to the cold engine start mode. In
order to transition into another mode, the third actuator
device 104 is disengaged (de-energized, in this example) and
the mid clutch 120 may be moved back into the disengaged
position under the resilient biasing force of the linkage 140
(or other resilient spring force source).

In one example, the power transmission assembly 40
provides a 4:1 gear ratio in the power flow direction of the
warm engine start mode. In other embodiments, other gear
ratios (e.g., 3:1-7:1) may be provided. Considering a 4:1
gear ratio from the power transfer belt arrangement 50, a
resulting 16:1 gear ratio (e.g., approximately 12:1 to about
28:1) may be achieved for the starter-generator device 32
between the electric machine 42 and the engine 30 during
the warm engine start mode. As such, if for example the
electric machine 42 is rotating at 10,000 RPM, the drive
plate 90 mounted to the engine 30 rotates at about 600-700
RPM. In one example, the torque output of the power
transmission assembly 40 for the engine 30 is approximately
400-600 Nm. Accordingly, the electric machine 42 may thus
have normal operating speeds with a relatively lower speed
and higher torque output for engine start up.

For a boost mode and a generation mode, the high clutch
118 is configured to be actuated by the second actuator
device 102 via the linkage assembly 132 and actuation pin
152. As noted above, the high clutch 118 may be mounted
such that the high clutch 118 circumscribes the sliding hub
260. As the second actuator device 102 is provided with the
engage command, the armature 124 extends out of the
second actuator device 102 in the first axial direction 128
and likewise move both the first and second ends 166, 174
of the linkage 138 such that the actuation pin 152 axially
repositions the high clutch 118 into the gear set 70. In this
example, the second actuator device 102 is energized for
disengagement and de-energized for engagement. As such,
the energized actuation of the second actuator device 102
maintains or positions the high clutch 118 in the disengaged
position. Subsequently, to transition into the engaged posi-
tion, current to the second actuator device 102 may be
discontinued and the resilient biasing force of the linkage
138 urges the high clutch 118 into the engaged position.

The sliding hub 260 enables interaction between the gear
set 70 and the high clutch 118. Generally, repositioning the
sliding hub 260 selectively locks the input shaft 86 relative
to the ring gear 318, thus locking the input shaft 86 to the
ring gear 318. In particular, the first-stage sun gear 312 is
splined to the sliding hub 260. As the high clutch 118 is
engaged, a spring pushes the sliding hub 260, and thus the
first-stage sun gear 312, such that the first-stage sun gear 312
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engages a cover of the ring gear 318, thereby resulting in a
rotational connection between the input shaft 86 and the ring
gear 318. Generally, instead of or in addition to the sliding
hub 260, high clutch engagement elements may have any
suitable configuration, including slots, locks, or pockets that
receive the first-stage sun gear 322, in this example, based
on the position of the sliding hub 260 and high clutch 118.

With the low clutch 116 in the disengaged position, the
second-stage planet carrier 326 is not locked to any station-
ary housing portion; and with the mid clutch 120 in the
disengaged position, the first-stage planet carrier 316 is not
locked to any stationary housing portion. In this arrange-
ment, the power transmission assembly 40 is configured to
operate in the boost mode or the generation mode. In order
to transition into another mode, the second actuator device
102 is disengaged (e.g., energized, in this example) and the
high clutch 118 may be moved back into the disengaged
position.

In the boost mode, the engine 30 is active and the electric
machine 42 operates as a motor. In particular and addition-
ally referring to FIG. 3, the electric machine 42 rotates the
pulley 62 in the first clock direction D1, thereby driving the
belt 64 and pulley 60 in the first clock direction D1. The
pulley 60 drives the element 56, and thus the input shaft 86,
in the first clock direction D1. Rotation of the input shaft 86
drives rotation of the first-stage sun gear 312, and in turn,
rotation of the first-stage sun gear 312 drives rotation of the
first-stage planet gears 314.

As noted above, the input shaft 86 is locked to the ring
gear 318 by the high clutch 118 (in cooperation with the
sliding hub 260 and first-stage sun gear 312). As a result,
rotation of the input shaft 86 drives the ring gear 318, as well
as of the first-stage sun gear 312, the first-stage planet gears
314, the first-stage planet carrier 316, the second-stage sun
gear 322, and the second-stage planet gears 324, about the
primary rotational axis 65. In effect, the gear set 70 rotates
as a unit about the primary rotational axis 65. Since the other
components of the planetary gear set 70 rotate with the input
shaft 86, the ring gear 318 is driven in the same second clock
direction D2. As noted above, the ring gear 318 functions as
part of the power transfer element 54 to interface with the
drive plate 90 mounted to the engine 30 to drive the engine
30. In effect, during the boost mode, the power transmission
assembly 40 operates as a sun-in, ring-out configuration.

In one example, the power transmission assembly 40
provides a 1:1 gear ratio in the power flow direction of the
boost mode. In other embodiments, other gear ratios may be
provided. Considering a 4:1 gear ratio from the power
transfer belt arrangement 50, a resulting 4:1 gear ratio may
be achieved for the starter-generator device 32 between the
electric machine 42 and the engine 30 during the boost
mode. As such, if for example the electric machine 42 is
rotating at 10,000 RPM, the drive plate 90 mounted to the
engine 30 rotates at about 2500 RPM. Accordingly, the
electric machine 42 may thus have normal operating speeds
while providing an appropriate boost speed to the engine 30.

The power transmission assembly 40 has the same con-
figuration to provide a generation mode as in the boost
mode. However, in the generation mode, the engine 30
drives the power transmission assembly 40 and thus the
electric machine 42. For the generation mode (and subse-
quent to the engine start modes and/or the boost mode), the
engine 30 begins to accelerate above a rotational speed
provided by the power transmission assembly 40, and the
electric machine 42 is commanded to decelerate and to cease
providing torque to power transmission assembly 40. After
the engine 30 has stabilized to a sufficient speed and the
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electric machine 42 has sufficiently decelerated or stopped,
the high clutch 118 is engaged as described above to operate
the power transmission assembly 40 in the generation mode.

In the generation mode, the engine 30 rotates the drive
plate 90 engaged with the ring gear 318, thus driving the ring
gear 318 in the second clock direction D2. The ring gear 318
drives the first-stage planet gears 314 and the second-stage
planet gears 324, which respectively drive the first-stage sun
gear 312 and the second-stage sun gear 322, and further
driving input shaft 86. Therefore, as the ring gear 318 rotates
in the second clock direction D2, the input shaft 86 is driven
and similarly rotates in the second clock direction D2 at the
same rate of rotation. As noted above, the input shaft 86 is
connected with and provides output power to the electric
machine 42 in the second clock direction D2 via the power
transfer belt arrangement 50. In effect, during the generation
mode, the power transmission assembly 40 operates as a
ring-in, sun-out configuration.

In one example, the power transmission assembly 40
provides a 1:1 gear ratio in the power flow direction of the
generation mode. In other embodiments, other gear ratios
may be provided. Considering a 4:1 gear ratio from the
power transfer belt arrangement 50, a resulting 4:1 gear ratio
may be achieved for the starter-generator device 32 between
the electric machine 42 and the engine 30 during the
generation mode. As a result, the electric machine 42 may
thus have normal operating speeds in both power flow
directions with relatively low toque output during power
generation.

Thus, various embodiments of the vehicle electric system
have been described that include an integrated starter-gen-
erator device. The combination starter-generator may
include a clutch arrangement with first, second, and third
clutches that are actuated with actuator devices such as
electromechanical solenoid devices mounted on an actuation
assembly. In this manner, the clutches are axially reposi-
tioned relative to the gear set to axially shift between
engaged and disengaged positions, thereby modifying the
power flow within the power transmission assembly. The
clutch arrangements may be configured to engage or disen-
gage via movement in either axial direction as desired.
Additional actuator devices may be provided to engage and
move the second actuation pins of the clutches. As a result
of the unidirectional actuator devices mounted on one side,
the part costs and assembly time are reduced and potential
assembly errors are mitigated. The unitary construction of
the fulcrums, linkages, and/or the actuation pins further
simplify manufacturing and assembly. The use of the uni-
directional electromechanical solenoid devices to reposition
the locking dog clutches provides a compact transmission
and starter-generator assembly that may not require high
pressure electro-hydraulic solenoids, while enabling
improved packaging, wire routing, and package size.

Various transmission assemblies may be included in the
device, thus reducing the space occupied by the system. The
transmission assembly may provide multiple speeds or gear
ratios and transition between speeds/gear ratios. One or
more clutch arrangements may be used to selectively apply
torque to the gear set of the transmission assembly in both
power flow directions. Direct mechanical engagement with
the engine shaft reduces the complexity and improves reli-
ability of the system. Using planetary gear sets in the
transmission assembly provides high gear reduction and
torque capabilities with reduced backlash in a compact space
envelope. As a result of the bi-directional nature of the
power transmission assembly, the power transfer belt
arrangement may be implemented with only a single belt
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tensioner, thereby providing a relatively compact and simple
assembly. Additionally, by using the power transfer belt
arrangement with belt and pullies to couple together and
transfer power between the electric machine and the power
transmission assembly, instead of directly connecting and
coupling the electric machine to the power transmission
assembly, the electric machine may be mounted apart from
the transmission assembly to better fit the engine in a vehicle
engine bay. Additionally, by using the belt and pullies to
couple the electric machine to the power transmission
assembly, an additional gear ratio (e.g., a 4:1 ratio) may be
achieved. Embodiments discussed above include a double
planetary gear set, sun in, ring out configuration to provide
warm and cold engine start modes and a ring in, sun out
configuration to provide a generation mode. As such, a
four-mode assembly may be provided.

Also, the following examples are provided, which are
numbered for easier reference.

1. A combination starter-generator device for a work
vehicle having an engine, the starter-generator device com-
prising: a gear set configured to transmit power flow to and
from the engine; a first clutch having a first actuation pin and
shiftable into a disengaged position in which the first clutch
is decoupled from the gear set and into an engaged position
in which the first clutch is coupled to the gear set; a second
clutch having a second actuation pin and shiftable into a
disengaged position in which the second clutch is decoupled
from the gear set and into an engaged position in which the
second clutch is coupled to the gear set; a first actuator
device applying a first actuation force to a first armature in
a first axial direction; a first linkage defining a first end that
is fixed and extending to a second end coupled to the first
actuation pin of the first clutch, the first armature engaging
the first linkage at a coupling region between the first and
second ends; a second actuator device applying a second
actuation force to a second armature in the first axial
direction; and a second linkage defining a first end that is
fixed and extending to a second end coupled to the second
actuation pin of the second clutch, the second armature
engaging the second linkage at a coupling region between
the first and second ends; wherein the first actuator device
extends the first armature in the first axial direction to move
the second end of the first linkage in the first axial direction;
wherein the first clutch is moved into either the engaged
position or the disengaged position by the coupling region of
the first linkage moving in the first axial direction and the
second end of the first linkage moving in the first axial
direction; and wherein the first clutch is moved into the other
of the engaged position or the disengaged position by the
coupling region of the first linkage moving in a second axial
direction and the second end of the first linkage moving in
the second axial direction, the second axial direction being
opposite the first axial direction; and wherein the second
actuator device extends the second armature in the first axial
direction to move the second end of the second linkage in the
second axial direction; wherein the second clutch is moved
into either the engaged position or the disengaged position
by the coupling region of the second linkage moving in the
first axial direction and the second end of the second linkage
moving in the second axial direction; and wherein the
second clutch is moved into the other of the engaged
position or the disengaged position by the coupling region of
the second linkage moving in the second axial direction and
the second end of the second linkage moving in the first axial
direction.

2. The combination starter-generator device of example 1,
further comprising a fulcrum engaged by the second linkage
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at a position on the second linkage between the coupling
region and the second end; wherein engagement of the
second linkage with the fulcrum moves the second end of the
second linkage in the second axial direction when the second
actuator device extends the second armature to move the
coupling region of the second linkage in the first axial
direction.

3. The combination starter-generator device of example 2,
further comprising a housing at least in part supporting the
second linkage; wherein the fulcrum is formed as a unitary
part of the housing.

4. The combination starter-generator device of example 1,
further comprising a housing with a reaction member on
which both the first actuator device and the second actuator
device are mounted relative to the gear set; wherein the first
actuator device and the second actuator device are oriented
on a same side of the reaction member relative to the first
and second clutches.

5. The combination starter-generator device of example 4,
wherein the reaction member is a generally annular member
having a central opening; and wherein at least one of the first
linkage and the second linkage is affixed to the reaction
member at a radial distance away from the central opening
that is beyond a radial distance from the central opening to
the respective first or second actuator device.

6. The combination starter-generator device of example 4,
wherein the first linkage is affixed to the reaction member at
a first axial distance from the first clutch and affixed to the
actuation pin at a second axial distance from the first clutch,
wherein the second axial distance is greater than the first
axial distance.

7. The combination starter-generator device of example 4,
wherein the first end of the first linkage is affixed to the
reaction member.

8. The combination starter-generator device of example 1,
wherein the first linkage resiliently biases the second end of
the first linkage in the second axial direction, and wherein
the first actuator device extends the first armature in the first
axial direction to overcome the resilient bias; and wherein
the second linkage resiliently biases the second end of the
second linkage in the first axial direction, and wherein the
second actuator device extends the second armature in the
first axial direction to overcome the resilient bias.

9. The combination starter-generator device of example 8,
wherein at least one of the first linkage and the second
linkage includes a leaf spring.

10. The combination starter-generator device of example
8, wherein at least one of the first linkage and the second
linkage is a composite structure including a first portion that
is resilient and a second portion that is rigid relative to the
first portion.

11. The combination starter-generator device of example
1, wherein at least one of the first actuation pin and the
second actuation pin is formed unitary with the respective
first or second clutch.

12. The combination starter-generator device of example
1, wherein the first linkage resiliently biases the first clutch
toward the engaged position and the second linkage resil-
iently biases the second clutch toward the disengaged posi-
tion.

13. The combination starter-generator device of example
1, wherein the first actuator device and the second actuator
device are electromechanical push solenoids configured to
provide an actuation force in only the first axial direction.

14. The combination starter-generator device of example
1, further comprising: a third clutch having a third actuation
pin and shiftable into a disengaged position in which the
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third clutch is decoupled from the gear set and into an
engaged position in which the third clutch is coupled to the
gear set; a third actuator device applying an actuation force
to a third armature only in the first axial direction; and a third
linkage defining a first end that is fixed and extending to a
second end that is coupled to the third actuation pin of the
third clutch, the third armature engaging the third linkage at
a coupling region between the first and second ends; wherein
the third actuator device extends the third armature in the
first axial direction to move the first end of the third linkage
in the first axial direction and to move the second end of the
third linkage in either the first axial direction or a second
axial direction opposite the first axial direction; and wherein
the third clutch is moved into the disengaged position or the
engaged position by movement of the second end of the third
linkage in the first axial direction or the second axial
direction.

15. A combination starter-generator device for a work
vehicle having an engine, the starter-generator device com-
prising: an electric machine defining a rotation axis; a gear
set configured to receive rotational input from the electric
machine and from the engine and to couple the electric
machine and the engine, the gear set configured to operate
in one of at least a first gear ratio, a second gear ratio, or a
third gear ratio; two or more clutches selectively coupled to
the gear set to effect the first, second, and third gear ratios,
the two or more clutches including a first clutch having a
first actuation pin and a second clutch having a second
actuation pin, each of the two or more clutches shiftable into
a disengaged position in which the clutch is decoupled from
the gear set and into an engaged position in which the clutch
is coupled to the gear set; an actuation assembly including:
a first electromechanical solenoid device applying an actua-
tion force to a first armature only in a first axial direction
parallel to the rotation axis; and a second electromechanical
solenoid device applying an actuation force to a second
armature only in the first axial direction; a first linkage
defining a first end that is fixed and extending to a second
end that is coupled to the first actuation pin of the first clutch,
the first armature engaging the first linkage at a coupling
region between the first and second ends; and a second
linkage defining a first end that is fixed and extending to a
second end that is coupled to the second actuation pin of the
second clutch, the second armature engaging the second
linkage at a coupling region between the first and second
ends; wherein the first electromechanical solenoid device
extends the first armature in the first axial direction to move
the second end of the first linkage in the first axial direction;
wherein the first clutch is moved into either the engaged
position or the disengaged position by the coupling region of
the first linkage moving in the first axial direction and the
second end of the first linkage moving in the first axial
direction; and wherein the first clutch is moved into the other
of the engaged position or the disengaged position by the
coupling region of the first linkage moving in a second axial
direction and the second end of the first linkage moving in
the second axial direction, the second axial direction being
opposite the first axial direction; and wherein the second
electromechanical solenoid device extends the second arma-
ture in the first axial direction to move the second end of the
second linkage in the second axial direction; wherein the
second clutch is moved into either the engaged position or
the disengaged position by the coupling region of the second
linkage moving in the first axial direction and the second end
of the second linkage moving in the second axial direction;
and wherein the second clutch is moved into the other of the
engaged position or the disengaged position by the coupling
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region of the second linkage moving in the second axial
direction and the second end of the second linkage moving
in the first axial direction.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the disclosure. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

The description of the present disclosure has been pre-
sented for purposes of illustration and description, but is not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without depart-
ing from the scope and spirit of the disclosure. Explicitly
referenced embodiments herein were chosen and described
in order to best explain the principles of the disclosure and
their practical application, and to enable others of ordinary
skill in the art to understand the disclosure and recognize
many alternatives, modifications, and variations on the
described example(s). Accordingly, various embodiments
and implementations other than those explicitly described
are within the scope of the following claims.

What is claimed is:

1. A combination starter-generator device for a work
vehicle having an engine, the starter-generator device com-
prising:

a gear set configured to transmit power flow to and from

the engine;

a first clutch having a first actuation pin and shiftable into
a disengaged position in which the first clutch is
decoupled from the gear set and into an engaged
position in which the first clutch is coupled to the gear
set;

a second clutch having a second actuation pin and shift-
able into a disengaged position in which the second
clutch is decoupled from the gear set and into an
engaged position in which the second clutch is coupled
to the gear set;

a first actuator device applying a first actuation force to a
first armature in a first axial direction;

a first linkage defining a first end that is fixed and
extending to a second end coupled to the first actuation
pin of the first clutch, the first armature engaging the
first linkage at a coupling region between the first and
second ends;

a second actuator device applying a second actuation
force to a second armature in the first axial direction;
and

a second linkage defining a first end that is fixed and
extending to a second end coupled to the second
actuation pin of the second clutch, the second armature
engaging the second linkage at a coupling region
between the first and second ends;

wherein the first actuator device extends the first armature
in the first axial direction to move the second end of the
first linkage in the first axial direction; wherein the first
clutch is moved into either the engaged position or the
disengaged position by the coupling region of the first
linkage moving in the first axial direction and the
second end of the first linkage moving in the first axial
direction; and wherein the first clutch is moved into the
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other of the engaged position or the disengaged posi-
tion by the coupling region of the first linkage moving
in a second axial direction and the second end of the
first linkage moving in the second axial direction, the
second axial direction being opposite the first axial
direction; and

wherein the second actuator device extends the second

armature in the first axial direction to move the second
end of the second linkage in the second axial direction;
wherein the second clutch is moved into either the
engaged position or the disengaged position by the
coupling region of the second linkage moving in the
first axial direction and the second end of the second
linkage moving in the second axial direction; and
wherein the second clutch is moved into the other of the
engaged position or the disengaged position by the
coupling region of the second linkage moving in the
second axial direction and the second end of the second
linkage moving in the first axial direction.

2. The combination starter-generator device of claim 1,
further comprising a fulcrum engaged by the second linkage
at a position on the second linkage between the coupling
region and the second end;

wherein engagement of the second linkage with the

fulcrum moves the second end of the second linkage in
the second axial direction when the second actuator
device extends the second armature to move the cou-
pling region of the second linkage in the first axial
direction.

3. The combination starter-generator device of claim 2,
further comprising a housing at least in part supporting the
second linkage;

wherein the fulcrum is formed as a unitary part of the

housing.

4. The combination starter-generator device of claim 1,
further comprising a housing with a reaction member on
which both the first actuator device and the second actuator
device are mounted relative to the gear set; wherein the first
actuator device and the second actuator device are oriented
on a same side of the reaction member relative to the first
and second clutches.

5. The combination starter-generator device of claim 4,
wherein the reaction member is a generally annular member
having a central opening; and

wherein at least one of the first linkage and the second

linkage is affixed to the reaction member at a radial
distance away from the central opening that is beyond
a radial distance from the central opening to the respec-
tive first or second actuator device.

6. The combination starter-generator device of claim 4,
wherein the first linkage is affixed to the reaction member at
a first axial distance from the first clutch and affixed to the
actuation pin at a second axial distance from the first clutch,
wherein the second axial distance is greater than the first
axial distance.

7. The combination starter-generator device of claim 4,
wherein the first end of the first linkage is affixed to the
reaction member.

8. The combination starter-generator device of claim 1,
wherein the first linkage resiliently biases the second end of
the first linkage in the second axial direction, and wherein
the first actuator device extends the first armature in the first
axial direction to overcome the resilient bias; and

wherein the second linkage resiliently biases the second

end of the second linkage in the first axial direction, and
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wherein the second actuator device extends the second
armature in the first axial direction to overcome the
resilient bias.

9. The combination starter-generator device of claim 8,
wherein at least one of the first linkage and the second
linkage includes a leaf spring.

10. The combination starter-generator device of claim 8,
wherein at least one of the first linkage and the second
linkage is a composite structure including a first portion that
is resilient and a second portion that is rigid relative to the
first portion.

11. The combination starter-generator device of claim 1,
wherein at least one of the first actuation pin and the second
actuation pin is formed unitary with the respective first or
second clutch.

12. The combination starter-generator device of claim 1,
wherein the first linkage resiliently biases the first clutch
toward the engaged position and the second linkage resil-
iently biases the second clutch toward the disengaged posi-
tion.

13. The combination starter-generator device of claim 1,
wherein the first actuator device and the second actuator
device are electromechanical push solenoids configured to
provide an actuation force in only the first axial direction.

14. The combination starter-generator device of claim 1,
further comprising:

a third clutch having a third actuation pin and shiftable
into a disengaged position in which the third clutch is
decoupled from the gear set and into an engaged
position in which the third clutch is coupled to the gear
set;

a third actuator device applying an actuation force to a
third armature only in the first axial direction; and

a third linkage defining a first end that is fixed and
extending to a second end that is coupled to the third
actuation pin of the third clutch, the third armature
engaging the third linkage at a coupling region between
the first and second ends;

wherein the third actuator device extends the third arma-
ture in the first axial direction to move the first end of
the third linkage in the first axial direction and to move
the second end of the third linkage in either the first
axial direction or a second axial direction opposite the
first axial direction; and

wherein the third clutch is moved into the disengaged
position or the engaged position by movement of the
second end of the third linkage in the first axial direc-
tion or the second axial direction.

15. The combination starter-generator device of claim 14,
further comprising a fulcrum engaged by the third linkage at
a position on the third linkage between the coupling region
and the second end;

wherein actuation of the third actuator device extends the
third armature in the first axial direction and engage-
ment of the third linkage with the fulcrum moves the
second end of the third linkage in the second axial
direction to shift the third clutch into either the engaged
position or the disengaged position.

16. A combination starter-generator device for a work
vehicle having an engine, the starter-generator device com-
prising:

an electric machine defining a rotation axis;

a gear set configured to receive rotational input from the
electric machine and from the engine and to couple the
electric machine and the engine, the gear set configured
to operate in one of at least a first gear ratio, a second
gear ratio, or a third gear ratio;
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two or more clutches selectively coupled to the gear set to
effect the first, second, and third gear ratios, the two or
more clutches including a first clutch having a first
actuation pin and a second clutch having a second
actuation pin, each of the two or more clutches shiftable
into a disengaged position in which the clutch is
decoupled from the gear set and into an engaged
position in which the clutch is coupled to the gear set;

an actuation assembly including:

a first electromechanical solenoid device applying an
actuation force to a first armature only in a first axial
direction parallel to the rotation axis; and

a second electromechanical solenoid device applying
an actuation force to a second armature only in the
first axial direction;

a first linkage defining a first end that is fixed and
extending to a second end that is coupled to the first
actuation pin of the first clutch, the first armature
engaging the first linkage at a coupling region between
the first and second ends; and

a second linkage defining a first end that is fixed and
extending to a second end that is coupled to the second
actuation pin of the second clutch, the second armature
engaging the second linkage at a coupling region
between the first and second ends;

wherein the first electromechanical solenoid device
extends the first armature in the first axial direction to
move the second end of the first linkage in the first axial
direction; wherein the first clutch is moved into either
the engaged position or the disengaged position by the
coupling region of the first linkage moving in the first
axial direction and the second end of the first linkage
moving in the first axial direction; and wherein the first
clutch is moved into the other of the engaged position
or the disengaged position by the coupling region of the
first linkage moving in a second axial direction and the
second end of the first linkage moving in the second
axial direction, the second axial direction being oppo-
site the first axial direction; and

wherein the second electromechanical solenoid device
extends the second armature in the first axial direction
to move the second end of the second linkage in the
second axial direction; wherein the second clutch is
moved into either the engaged position or the disen-
gaged position by the coupling region of the second
linkage moving in the first axial direction and the
second end of the second linkage moving in the second
axial direction; and wherein the second clutch is moved
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into the other of the engaged position or the disengaged
position by the coupling region of the second linkage
moving in the second axial direction and the second
end of the second linkage moving in the first axial
direction.

17. The combination starter-generator device of claim 16,
further comprising a fulcrum engaged by the second linkage
at a position on the second linkage between the coupling
region and the second end;

wherein engagement of the second linkage with the

fulcrum moves the second end of the second linkage in
the second axial direction when the second actuator
device extends the second armature to move the cou-
pling region of the second linkage in the first axial
direction.

18. The combination starter-generator device of claim 17,
further comprising:

a housing at least in part supporting the first linkage;

wherein the fulcrum is located at the housing; and

wherein engagement of the second linkage with the
fulcrum moves the second end of the second linkage in
the second axial direction when the second electrome-
chanical solenoid device extends the second armature
to move the first end of the second linkage in the first
axial direction.

19. The combination starter-generator device of claim 16,
further comprising a reaction member mounting both the
first electromechanical solenoid device and the second elec-
tromechanical solenoid device to be oriented on a same side
of the reaction member relative to the first and second
clutches.

20. The combination starter-generator device of claim 16,
further comprising a housing with a reaction member on
which the first and second electromechanical solenoid
devices are mounted relative to the gear set, the reaction
member having a central opening;

wherein the first linkage is affixed to the reaction member

at a radial distance away from a central opening in the
reaction member that is beyond a radial distance from
the central opening to the first electromechanical sole-
noid device; and

wherein the second linkage is affixed to the reaction

member at a radial distance away from the central
opening that is beyond a radial distance from the
central opening to the second electromechanical sole-
noid device.



